Unlike the rapid kiss and run mechanism of recycling, the activity of the clathrin adaptor protein AP180. Howthe clathrin-mediated pathway must be precisely reguever, the role of this protein in endocytosis in vivo lated to minimize variations in both the size and protein remains unknown. Here, we show that a mutation that composition of SVs. This vesicular stability may be critieliminates an AP180 homolog (LAP) in Drosophila secal to maintain speed and precision of synaptic transverely impairs the efficiency of synaptic vesicle endomission. However, the mechanisms by which clathrincytosis and alters the normal localization of clathrin mediated endocytosis regulate SV identity are poorly in nerve terminals. Most importantly, the size of both understood. To address this issue, we have used molecsynaptic vesicles and quanta is significantly increased ular and genetic approaches in combination with elecin lap mutants. These results provide novel insights tron microscopy and electrophysiology to study the role into the molecular mechanism of endocytosis and reof a presynaptically enriched clathrin adaptor protein, veal a role for AP180 in regulating vesicle size through AP180, in Drosophila. a clathrin-dependent reassembly process. mutants. We suggest that LAP regulates the size of
shown). The genomic structure of the locus is shown in Figure 1A . The cDNA open reading frame encodes a 468-amino acid protein, with a 303-amino acid aminoterminal domain showing 60%, 64%, and 69% identity to its homologs in C. elegans ( insertion on the mutant chromosome. Second, l(3)neo34 fails to complement Df(3R)Antp1 (84C3; 84D1-4), which uncovers the cytological interval to which lap was SVs and quanta by defining the amount of presynaptic membrane retrieved into clathrin cages during endocymapped. Third, precise or near precise excisions of the P element fully revert the lethal phenotype as well as all tosis. These findings reveal a novel mechanism to regulate SV size in vivo.
other phenotypes associated with the P element insertion (see below). The P element-induced mutation in lap is a strong loss-of-function or null allele as the phenoResults type of homozygous l(3)neo34 animals is very similar to the phenotype observed in l(3)neo34/Df(3R)Antp1 (lap/ The Drosophila lap Gene Encodes an AP180 Homolog Df) animals, and anti-LAP immunoreactivity is completely absent in lap larvae (Figure 2 ). We screened a Drosophila head cDNA library using a rat AP180 cDNA as a probe (Morris et al., 1993) . A fullTo determine the subcellular localization of the LAP protein, we performed immunohistochemistry in third length Drosophila cDNA (4.2 kb), as determined by Northern analysis (data not shown), was isolated. It eninstar larval body wall muscles with a rat polyclonal antibody raised against a LAP fusion peptide (amino codes an AP180 homolog and the corresponding gene maps to polytene chromosome region 84C/D (data not acids 1-301). As shown in Figure 2 (left panels), the LAP protein is highly enriched at synaptic boutons of wildobservation suggests that LAP is required for the proper localization of clathrin to putative endocytic sites. type (Canton S, CS) neuromuscular junctions (NMJ), but it is not detectable in homozygous lap mutant larvae.
In wild-type larval NMJ, dynamin and ␣-adaptin are Synaptic Vesicle Endocytosis Is Impaired in lap Mutants localized at restricted presynaptic sites or "hot spots" thought to represent endocytic "active zones" (Estes et
The ), both wild-type and mutant protein synaptotagmin is enriched at lap mutant terminals and that its distribution is normal (data not shown).
larval NMJ synaptic boutons are readily stained with the dye, although the staining appears less intensive in the These results suggest that LAP is not required for the localization of dynamin and synaptotagmin. Clathrin is mutant (data not shown). This suggests that SV endocytosis may be impaired but not abolished. To further test also highly enriched at synaptic boutons ( Figure 2C , middle panel). However, in contrast to dynamin and sywhether the lap mutation affects the rate or efficiency of SV endocytosis, we decided to challenge the nerve naptotagmin, clathrin colocalizes with LAP ( Figure 2C , left panel). Moreover, the intensity of clathrin immunoreterminal with high frequency stimulation (50 Hz) in the presence of high extracellular Ca 2ϩ (10 mM). In wildactivity in the mutant boutons is greatly reduced, and its distribution is diffuse ( Figure 2D, middle panel) . This type or revertant NMJs, nerve stimulation evokes post- 
Implications for Mechanisms of Synaptic It is thus conceivable that lack of LAP causes a total
Vesicle Endocytosis failure in clathrin-mediated endocytosis and that SV preAlthough clathrin-mediated endocytosis is now thought cursors only cycle through a kiss and run pathway. in clathrin are lethal, and it was proposed that these 
